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A lthough the treatment of odontoid fractures has been well documented, treating these fractures in elderly patients remains challenging. Issues include identifying the optimal treatment to obtain a bony union, assessing the ability to heal with bony union, determining the stability of a nonunion, and understanding the long-term consequences of nonunion. Much of the literature focuses on these radiographic issues, but the morbidity and mortality associated with each form of treatment are debatable and may be independent of the type of treatment chosen.
It is well accepted that the risk of mortality due to hip fractures exceeds normative values in elderly patients and that the increased risk persists for 1 to 2 years. 1, 2 The cause of increased risk in hip fracture patients is debated; some studies tie it to preexisting medical conditions and the fragility of the patient, 3 whereas others attribute it to complications of the fracture and believe it is independent of other medical conditions. 4 Physicians may be able to alter postinjury mortality to some degree through treatment protocols, such as those involving early fixation and rapid mobilization. 5 Recent publications have suggested that some treatment options for odontoid fractures may have a negative effect on mortality and morbidity. 6, 7 In particular, Tashjian et al 7 reported a 42% in-house mortality rate when elderly patients were treated with a halo-vest compared with 20% in the nonhalo-vest treatment group. The current authors conducted a retrospective review to describe the early mortality and morbidity that occurred in their elderly odontoid fracture population within the first 3 months following fracture because the results reported by other authors seemed markedly different from their experience.
Materials and Methods
This retrospective study was approved by the Institutional Review Board and involved a review of medical records, radiographs, and death certificates in all patients aged 65 years or older who were diagnosed with type 2 odontoid fractures between 1994 and 2004. Patients with pathological fractures were excluded from the study.
Data were collected on age, sex, mechanism of injury (fall vs motor vehicle crash), direction of displacement, presence of associated cervical and other injuries, type of treatment (operative vs nonoperative), initial treatment (collar, halo, anterior screw, or posterior C1-C2 fusion), early morbidity (complications), and mortality occurring within the first 3 months following fracture, length of stay, and discharge disposition (home vs other). Comorbidities were assessed using the Charlson Comorbidity Index. 8 Descriptive statistics were calculated for the entire sample and for each variable by type (operative vs nonoperative) and specific (collar, halo, screw, fusion) treatment. Morbidity and mortality were described relative to demographic, clinical, and treatment factors. Independent t, chi-square, analysis of variance, and Kruskal-Wallis tests were conducted when appropriate. Bonferroni and Wilcoxon rank sum tests were performed for post-hoc comparisons. All statistical tests were conducted using SPSS version 19.0 software (SPSS, Inc, Chicago, Illinois), JMP 9.0 (SAS, Cary, North Carolina), 2-tailed analyses, and a type I error rate (P value) of .05.
results
Between 1994 and 2004, thirty-seven elderly patients were treated for type 2 odontoid fractures. Fourteen men and 23 women were included in the study, with a mean age of 81.767.1 years (Table 1) . Average follow-up was 34.1637.3 weeks (range, 0-133 weeks). More than threefourths of the patients were injured in a fall. The 3 most common comorbidities were hypertension (n59; 24%), heart disease (n56; 16%), and rheumatoid arthritis (n52; 5%).
The majority of patients were treated nonoperatively with a collar or halo. Six patients experienced 1 procedure-related complication (1 anterior screw loosening, 1 anterior displacement, 3 posterior displacements, and 1 unspecified displacement). Medical complications were the most common form of early morbidity, with respiratory disease (aspiration, pulmonary edema, pneumonia, or acute respiratory failure) occurring in 6 (75%) of 8 patients with medical complications. Other medical complications included poor oral intake in 2 (5%) patients and occipital nerve neuralgia in 1 (3%) patient . Three (8%) patients died within the first 3 months postinjury. At the time of the study, 20 (54.1%) of 37 patients were deceased. Table 2 presents patient characteristics, morbidity, and mortality by type and specific treatment. A difference existed in age across the 4 treatment groups, with patients in the cervical collar group significantly older than those who received a halo (87.365.6 vs 78.967.3 years, respectively; P5.03).
Patients who underwent surgery had a longer hospital stay compared with those who were treated nonoperatively (13.867.6 days vs 7.669.0 days, respectively; P,.01). In particular, patients who received an anterior screw had significantly longer lengths of stay than those in the collar (P5.01) or halo (P5.01) groups. Discharge rates to home did not differ among those who underwent surgery (17%) vs those who received nonoperative treatment (28%). The type of initial treatment was not associated with other demographic or clinical factors.
Overall, 18 (48.6%) of 37 patients experienced complications, including 3 deaths (Table 3) . Morbidity and mortality after the initial treatment were not related to age, sex, comorbidities, mechanism of injury, type of initial treatment (surgical vs nonoperative), or specific treatment (collar, halo, anterior screw, fusion).
In the 3 patients who died, the odontoid fractures were sustained in a fall ( Table 4 ). The first patient was treated with an anterior screw and then developed respiratory distress and congestive heart failure. The second patient received a posterior fusion and then developed respiratory distress postoperatively. The third patient was immobilized with a halo. The cause of death was undetermined on the death certificate; however, medical records indicated that the patient had a C1 lateral mass as well as pneumonia, malnourishment, and respiratory distress following treatment.
discussion
The current study seems to support the idea that odontoid fractures in elderly patients are similar to hip fractures. Some similarities include the events and preexisting medical conditions that led to the fracture, the functional and mobility limitations that follow the fracture, and the fact that the morbidity of treatment led to an accelerated mortality compared with normative data. The increased morbidity and mortality seem to be relatively independent of the treatment selected. This finding is supported by Schoenfeld et al 9 in their retrospective review of 156 elderly patients treated for type 2 odontoid fractures. They reported that the mortality rates increased in all patients regardless of treatment and did not return to normative range until close to 1 year postinjury, similar to hip fractures.
Given the number of patients in the current study, it would be difficult to elucidate specific parameters that strongly favor 1 form of treatment in an individual patient. It appears that it is not halo-vest treatment that puts the patient at risk. This concept is supported by Smith et al 10 in a retrospective study of 72 octogenarians in which 40 were treated nonoperatively and 32 were treated operatively. The study reported an acute in-hospital mortality rate of 15% in the nonoperative group and 12.5% in the operative group (P..05). The percentage of patients experiencing at least 1 significant complication was higher in the operative group than the nonoperative group (62% vs 35%, respectively, P,.05). The investigators concluded that odontoid fractures in elderly patients are associated with high morbidity and mortality regardless of the treatment method used. 10 In the study by Schoenfeld et al, 9 the halo patients had a lower mortality than the hard collar subgroup of the nonoperative patients.
Other recent studies also support no difference in mortality comparing nonoperative with early or late operative treatment. 11 Frangen et al 12 reported on 27 patients with a mean age of 85.5 years who underwent posterior C1-C2 fusion followed by hard collar immobilization. The patients had an early (within 40 days) mortality rate of 22.2%; the authors concluded that this may be a safer treatment with no specific control group, only referencing the mortality in the study by Tashjian et al. 7 The only group of patients in the Schoenfeld et al 9 n Feature Article at 13 months was 19.2% compared with 11.8% at 14.9 months in the nonoperatively treated fractures. This was true despite the operative group being younger (84 vs 79 years, respectively). The hard collar patients had a significantly higher rate of nonunion, including unstable nonunions, but this did not seem to affect clinical outcomes, which were similar to agematched controls in both groups. 13 The use of a hard collar was also supported by Chaudhary et al, 14 who looked at a small group of type 2 odontoid fractures in elderly patients that met the criteria for nonoperative treatment and were favorable for healing of the fracture. They had a higher mortality (3 of 11) in the operatively treated patients compared with 1 of 9 treated with a hard collar. As a criticism, the nonunion rate was higher in the collar group, (22.2% vs 12.5%, respectively) and the follow-up was a minimum of 3 months. The effect of that difference is unlikely to have been manifested.
Nonoperative treatment in the current study statistically correlated with earlier discharge; more patients were discharged to home vs elsewhere, although this finding was not statistically significant. Fagin et al 11 found a similar decrease in the length of stay as well as ventilator days despite the nonoperative group being older than the operative group. Unlike the current study, the discharge disposition was similar between the operative and nonoperative groups. In the current patients, some of the additional hospital days for the operative group can be explained based on preoperative days awaiting a 
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scheduled surgical day and could potentially be altered to improve this difference.
Although not significant, a trend existed toward fewer complications and lower early mortality rates in the patients treated nonoperatively. These patterns may reflect the manner in which patients with the collar or halo-vest were treated. External immobilization was typically applied the day of admission (even if preceded by a period of traction for reduction), and a radiograph was used to confirm satisfactory fracture alignment. The patient was immediately mobilized, assuming his or her medical condition allowed it. Physical therapy was initially used to regain ambulation with the use of a walker to aid balance as rapidly as possible in all patients. Early rapid mobilization may play a key role in decreasing complications related to halo-vest treatment [15] [16] [17] or surgical management. 18 Although dysphagia and aspiration have been associated with halo-vest use, it is also seen with operative management using anterior screw fixation. Dailey et al 19 recently reported on their experience with 57 consecutive patients older than 70 years treated with anterior screw fixation. Twenty-five percent required a feeding tube, and 19% were treated with antibiotics for aspiration pneumonia. In contrast, Hou et al 20 reported a low rate of complications, a union rate of 85.7%, and .90% excellent or good clinical outcomes in their series of 43 elderly patients treated with anterior screw fixation. In contrast to other elderly odontoid studies, no mortality was reported. Patients in this study population were closely observed for swallowing difficulty, and speech therapists were used if necessary to aid in eating progression. In addition, care was taken to keep the neck position neutral, avoiding hyperextension or flexion that further impairs swallowing.
Halo pins were tightened initially and retightened 48 to 72 hours prior to discharge. No specific pin care was used, and no further pin tightening was scheduled.
Pin loosening occurred and was usually handled by retightening, during which the pin became snug after a few revolutions. If this retightening did not occur, a new site was used, or if the patient was within 1 to 2 weeks of the planned removal, the halo was removed. Repetitive retightening was avoided to prevent gradual erosion through the skull.
Many case series have been published on the treatment of odontoid fractures, with much of the focus being on fracture union but little on functional outcomes. The current study did not look at long-term functional outcomes or rates of fracture union; therefore, the authors cannot make statements regarding these issues and would defer to other studies that found reasonable functional outcomes and high rates of return to preinjury function with nonoperative care. 21, 22 conclusion In elderly patients who sustain an odontoid fracture, one should be prepared for a hospital course complicated by medical issues; early mortality rates are significant. These issues appear to exist regardless of the fracture treatment chosen, similar to other elderly fractures, such as hip fractures. One must be aware of the complications associated with any chosen treatment and anticipate respiratory, swallowing, balance, and cardiac problems to minimize morbidity and mortality. Management strategies should be individualized to the patients, oDonToiD FraCTureS | FranCe eT al 
